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Abstract 
This paper presents a guideline for qualification of CO2 capture technology. The guideline provides a systematic and transparent 
procedure for the qualification of natural gas power generation technologies with CO2 capture.  For new technology, there is 
generally a lack of relevant codes and standards. Qualification according to a set of requirements is therefore the only rational 
approach. The CO2 capture technologies available today need considerable efforts to integrate, optimize, and to scale up the 
process components to industrially mature processes. To secure the success and minimize the time to commercialisation of 
research and development projects for new CO2 capture technologies, it is vital that the technology is qualified in a step-wise and 
systematic manner. 
The guideline was developed as a joint industry project and was carried out through three phases: 1) Development of a draft 
guideline, 2) Test of the draft guideline in case studies, 3) Final guideline developed based on feedback from the case studies. 
The scope has been to develop a guideline that could cover the major routes to CO2 capture, post combustion, pre combustion 
and oxy-fuel processes. Thus, the qualification work process itself is described in a rather general way to be applicable for all 
three capture concepts, whereas further specifications are given as specific examples of applications to CO2 capture technologies. 
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1. Introduction 
New technology is generally not adequately covered by established codes and procedures. New technology must 
therefore be qualified by a systematic process where the required functionality and reliability is obtained by 
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identifying risks that need to be reduced through adequate qualification methods, such as analyses and testing. Such 
a systematic qualification process is given by DNV-RP-A203 [1] and DNV-OSS-401 [2]. While the recommended 
practice provides a general approach, the guideline recently developed provides a more detailed qualification 
procedure that describes how to qualify CO2 capture technologies. 
The objective of the guideline is to provide guidance for the qualification of natural gas power generation 
technologies with CO2 capture in a detailed and systematic approach. These capture technologies may also be 
applied for coal and oil-fired power plants, but these applications are not addressed here specifically. 
The main technological concepts for CO2 capture contain a majority of processes and components that are 
commercially available today. These are mainly developed and used for other purposes, such as within the food and 
beverage industry, natural gas processing, ammonia production or fire extinguishing equipment. The existing 
processes used in these systems are at smaller scale and/or used with other conditions than those that are planned 
built in the near future within the power generation industry. The CO2 capture technologies that are available today 
need considerable efforts to integrate, optimise, and to scale up the process components to an industrially matured 
process. There are also some novel CO2 capture concepts that use new components that are not known in the 
industry today. These novel technologies need a longer development and qualification program before 
commercialisation. 
It will be of major interest for technology vendors, operators, as well as governments, that new technologies can 
be implemented with as low risk as possible, and that they will work as intended over the lifetime of the project. 
Technology qualification is a systematic set of activities that aim to reduce the risks with the implementation of new 
technology. Technology qualification will therefore play an important role in increasing the confidence in new and 
scaled-up CO2 capture technologies.  
The guideline was developed in a joint industry project (JIP). First, a draft guideline was issued that was tested in 
three different CO2 capture technology case studies. Feedback was generated from these case studies, where 
different steps of the qualification work process described in the draft guideline were tested. This feedback was then 
used to update the draft and issue a final guideline. The technologies that were tested in the case studies were two 
post combustion concepts (based on amine absorption) and one oxy-fuel concept. The two post combustion case 
studies mainly applied to the first four steps including “selection of qualification methods”, whereas the oxy-fuel 
case applied to the first two steps of the qualification process corresponding to a “technology assessment” (see 
Figure 1).  
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Figure 1: The DNV Qualification Process. 
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2. The qualification work process 
The steps in the technology qualification process are illustrated in Figure 1. The amount of rigor, or effort, spent 
on each step should be proportional to the uncertainty of the technology and the consequence of failure. The output 
from one step is input to the next. The process is iterative in nature in the way that concept improvements might be 
needed in order for the technology to be qualified. A description of the various steps, including more specific issues 
regarding CO2 capture process qualification, is given below.   
2.1. Definition of qualification basis  
The purpose of the qualification basis is, in the absence of relevant codes and procedures, to define the 
expectations to the technology.  
Through further qualification processes these expectations shall be proven to be fulfilled. A number of 
requirements, or goals, must be achieved for a commercial plant to be successful, such as technical, economical, 
environmental, and social. A general guidance for process description is that the specification laid down in the 
qualification basis for CO2 capture technology should follow the same procedure as for describing the design basis 
for a chemical process plant or a thermal power plant (as applicable to the CO2 capture concept). Process scale-up 
should be approached at the first stage in describing the new technology, i.e. from the knowledge of what it is 
believed the commercial unit will look like. In the evolution of a process system, from idea to commercial design, 
there is a continuous interaction between design and economic studies and experimental program (such as 
laboratory, pilot plant, or mock-up). This process scale-up process is rarely a simple and direct path, but rather a 
combination of theoretical models, correlations and empirical experience. The following gives guidance for how to 
identify the qualification goals for CO2 capture technology such as the functional requirements. Functional 
requirements describe what the purpose(s) of the technology are. The functional requirements of the system should:  
• Clearly define what the technology should do 
• Be quantifiable 
• Be established as early as possible and updated throughout the qualification process 
 
Based on the system description and the flow diagrams, the breakdown of the capture technology will enable 
identification of system requirements at different levels of detail. For example, the CO2 capture performance, 
expressed as CO2 avoidance or capture rate, is a high-level process parameter that is likely to be part of the 
qualification basis defined at an early stage of the qualification process.   
 
 
Table 1: Examples of functional requirements for different CO2 capture concepts and system levels. 
Capture concept System 
level Post-combustion Pre-combustion Oxy-fuel combustion 
Process 
CO2 capture rate 
CO2 purity 
Power consumption 
Emissions (solvent) 
Energy efficiency 
Power production 
CO2 avoided 
CO2 purity 
Energy efficiency 
Power production 
CO2 avoided 
CO2 purity 
Sub-process 
Steam quality 
Solvent consumption 
Inhibitor addition 
Reformer/shift                   
conversion 
Turbine energy delivery 
H2 dilution 
Turbine energy delivery 
Steam generation 
O2 purity 
Component 
Absorber packing 
material corrosion resistance  
CO2 loading 
Stripper reboiler duty  
Flue gas blower duty 
Catalyst performance 
Combustor flame 
temperature, flame 
flashback, auto ignition 
NOx emissions 
Combustor flame 
temperature, radiation and 
soot levels, CO emissions 
Expander cooling 
Turbine material choice 
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Beneath the high-level process system requirements, each sub-process and/or material and energy stream will 
have certain known specifications that are of importance to the overall performance or system integration. 
Furthermore, functional requirements on a component level should also be established for components considered 
essential for the functionality of the total process. Table 1 exemplifies typical functional requirements for the 
different capture technology routes.   
Note that the functional requirements are subject to continuous updating during the qualification process, as 
technology assessment and failure mode identification most likely will reveal functional requirements on sub-
components not foreseen at the initial stage of the qualification process.  
2.2. Technology assessment  
The purpose of the technology assessment is to divide the technology into manageable elements in order to assess 
elements that involve aspects of new technology and identify the key challenges and uncertainties.  
The input to the technology assessment is the qualification basis, and the output is a list of the novel technology 
elements in the concept and the main challenges and uncertainties. In order to fully understand the novel elements in 
a technology, the technology needs to be broken down into manageable elements.  
The technology breakdown can be achieved by dividing the technology into one or more of the following types 
of elements, as relevant: 
• Sub-systems and components with functions, and/or  
• Unit operations with unit processes 
• Process sequences 
• Project execution phases based on procedures for manufacturing, installation and operation. 
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Figure 2: Example of technology breakdown and levels for subsystems and components. 
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An example of technology breakdown with levels for subsystems and components for a post combustion CO2 
capture concept are shown in Figure 2. 
The degree of novelty of the technology shall be determined by classifying the technology elements with respect 
to level of technology maturity and experience with the operating condition. Elements classified as novel 
technologies shall be subject to further assessment. The main challenges and uncertainties related to the new 
technology aspects shall be identified. For complex systems, such as power plants with CO2 capture processes, it is 
recommended that the main challenges and uncertainties are identified by following the principles of a high level 
Hazard Identification (HAZID).  
2.3. Failure mode identification and risk ranking  
The objective of this step is to identify all relevant failure modes and threats of concern for the elements defined 
as new technology in the technology assessment and, for each, judge the associated risks.  
First, a qualitative definition of various classes of probability and classes reflecting the consequence severity are 
defined. Then, a risk matrix is defined showing acceptable combinations (“low risk”) and unacceptable 
combinations (“high risk”), as well as intermediate combinations (“medium risk”), of the probability and 
consequence classes. All potential failure modes or threats are then identified and their respective risks are ranked 
by assigning a probability class and a consequence class based on previous experience and expert judgments.  
For complex systems like CO2 capture technologies, the failure mode identification and risk ranking process is 
recommended to be carried out as workshops, involving a panel of experts covering the necessary fields of 
competences and experiences.  
The probability classes should be developed to capture the span in failure rates from elements that fail every year 
to equipment that is designed to have one failure per 10 000 years (typically steel structures). Three classes can be 
defined between the extremes very high and very low. “Low” failure probability is the 1 000-year event, “medium” 
corresponds to the 100-year event and “high” corresponds to the 10-year event. The classes must be chosen in each 
individual case using expert judgement and previous experience. 
The consequence of failure for CO2 capture technologies can coarsely be divided into two main classes; 
personnel (injury) and operational (environmental or production issues).  The consequence of personnel injuries 
should be defined in accordance with acceptance criteria set by the operator and commonly used in industry for 
similar process plants. 
For the operational issues, the Qualification Basis should (see Section 2.1), when properly established, provide 
guidance towards establishing the consequence classes.  This is because the operational functional requirements, 
which define the expectations to the technology, are likely to be strongly correlated with the consequence classes of 
a failure mode, found in the failure mode identification step.   
Furthermore, deviations from the functionality criteria, at different orders of magnitude, should be reflected in the 
consequence classification. The severity of deviation from the functional goal, i.e. qualification basis, should be set 
individually for each parameter. Moreover, for a particular event of more than one type of impact, the type of impact 
giving the highest class shall be governing in the selection of a single consequence class.   
2.4. Selection of qualification methods  
The objective of this step is to select qualification methods that adequately address the identified failure modes of 
concern with respect to reduction of uncertainties and documentation of sufficient performance margins or margins 
to failure. 
Margin to failure is defined as the ratio between the load condition at failure and the design load condition, 
whereas performance margins is the tested or analyzed maximum performance divided by required or design 
performance.  
Qualification may be achieved by a combination of the following: 
• Uncertainty reduction (by improved knowledge of operating limits) 
• Reliability improvement (by reducing the probability of the occurrence of failures) 
• Maintainability improvement (by reducing risks associated with system down time) 
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A schematic description of the process for the selection of qualification activities is shown in Figure 3. The 
qualification methods will, in most cases, include technical analyses, testing or combinations of the two where the 
purpose of the testing is to reduce uncertainty in the analysis model or calibrate it. They may also involve collection 
of available reliability data and making procedural precautions to avoid the associated problem.  
The selected qualification methods will be input to a technology qualification plan (TQP) where the various 
issues will be outlined as qualification activities needed to be executed. These planned activities shall generate the 
evidence that each failure mode of concern is qualified with an adequate performance margin or margin to failure. 
Upon completion of the activities of the technology qualification plan, the technology shall fulfill the 
requirements and the acceptance criteria set forth in the qualification basis. The acceptance criteria for what are 
“adequate” performance margins or margins to failure will vary from project to project. 
2.5. Data collection (analyses and testing)  
The objective of the data collection phase is to carry out all the qualification activities prescribed in the 
technology qualification plan developed in the previous step.  
Usually the analysis and testing represent the major costs of the qualification process. It might also be very time 
consuming compared with the previous steps. It is therefore of importance that the analysis and testing activities are 
well chosen and planned in order to derive the information needed to assess the identified failure modes of concern 
and to avoid spending time and money on tests that do not give such information. 
Process modelling and modelling analysis is a key activity in technology and process qualification for improving 
knowledge of the technology’s operating limits. Examples of model application areas in process engineering are 
process design, process control, process safety, trouble-shooting, operator training, and environmental impact. 
Models for a specific application may already exist, but very often when it comes to new technology, such models 
do not contain necessary information or have mathematical constraints for the physical or chemical problem under 
consideration. Thus, one has to describe how to define, set up, analyse, and test the models.  
There exists a vast variety of sources of data that can be used in risk management. Available data may be found 
from previous experience with similar equipment and/or databases. 
 
 
 
Identification of the 
problem
Analysis of the problem
Computer 
modelling
Theoretical
investigation
Experimental 
investigation
Handbook 
solution
Develop technology qualification plan
Failure mode identification 
& risk ranking by
FMECA, HAZOP, or other 
threat identification 
methods
Results
Previous 
experience
Selection of the type of 
investigation
 
Figure 3: A schematic procedure for the selection of qualification methods. 
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The types of data required for both probability and consequence analysis for chemical process systems is given 
by the Centre for Chemical Process Safety (CCPS) [4] as: 
• Historical incident data 
• Plant and process data 
• Chemical data 
• Environmental data 
• Equipment reliability data 
• Human reliability data 
 
The guidelines by CCPS (Guidelines for Chemical Process Quantitative Risk Analysis [4] and Guidelines for 
Process Equipment Reliability Data [5]) might be good starting points for the creation of similar databases for CO2 
capture processes. Databases for reliability data collection are also described in Refs. [1] and [6]. Note that statistical 
data found in such databases do not properly account for technology improvement over time. Also, note that such 
data are generic and do not take site, system or operation specific data into account. In such cases it can be justified 
to model such effects into factors for correction and updating (e.g. Bayesian).  
Where data are insufficient, it is possible to generate useful data by using the opinion of experts. Experts, through 
their experience, often have valuable information but have not recorded it in a form suitable for use. See Refs. [4] or 
[6] for more detailed information.  
There can be several motivations for constructing experimental (or physical) models, such as testing specific 
failure modes at laboratory scale to increase knowledge, or validation and reduction of uncertainty in analytical or 
numerical models. However, the major issue in CO2 process qualification is probably about up-scaling. This is 
described in more detail in the paper by Johnsen et al. [7]. 
2.6. Functionality assessment  
The objective of this phase is to confirm that the performance, functional requirements, and target reliability as 
stated in the qualification basis are met.  
The functionality assessment is carried out to quantify the overall performance of the technology, and to compare 
against the defined margins stated in the Qualification Basis. If the final acceptance of the technology qualification 
process has not been achieved, recommendations for design improvements or further qualification activities may be 
made. Alternatively, the operating envelope or condition for the technology can be reduced to ensure adequate 
performance margin or margin to failure based on the gathered evidence (adjustment of goals). As a worst case, a 
conclusion that the technology cannot be qualified to the qualification basis may be drawn.  
The documented evidence from the execution of the technology qualification plan (results from the data 
collection step) should enable the functionality assessment step to be carried out. The level of detail required will 
vary according to the complexity of the technology being qualified and the scale of the qualification activity, but it 
should always be sufficient to provide an “audit trail” for the qualification process.  
By audit trail it is meant that the data shall be organized in such a manner that there is a link from the 
qualification basis to the failure mode identification to the qualification activities. In other words: someone outside 
the project should be able to follow what threats or failure modes have been identified, how they have been 
addressed (test, analysis, previous experience, etc.), what evidence has been developed (test and analysis reports) 
and are they conclusive (adequate margin to failure or performance margin). 
3. Case studies 
A draft guideline was first issued and was tested in three different CO2 capture technology case studies. Feedback 
from these case studies provided information for updating the draft guideline into the present version. The cases 
were: 
• Just Catch TM BIO (Aker Solutions and Aker Clean Carbon, post-combustion) 
• Nexant (Carbon Capture Project (CCP), post-combustion) [8] 
• ZENG (Zero Emission Norwegian Gas, oxy-fuel) 
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Valuable feedback was generated through these case studies, in which different steps in the procedure were 
tested. The first two case studies mainly applied to the steps including the development of technology qualification 
plan, whereas the oxy-fuel case applied to a technology assessment (see Figure 1).  
4. Conclusions 
A systematic procedure for the qualification of CO2 capture technologies based on DNV-RP-A203 [1]  and 
DNV-OSS-401 [2] has been developed. The procedure describes how to identify, assess, and manage risks with the 
implementation of new CO2 capture technologies by following a set of sequential steps known as the qualification 
process. 
For each step in the qualification procedure, specifications for how to apply it to CO2 capture technologies have 
been elaborated. The scope has been to develop a guideline that could cover all major routes to CO2 capture. Thus, 
the work process itself is described in a general way to be applicable for all three capture concepts, i.e. both 
chemical process plants and thermal power plants, whereas more specific examples are given in appendices. 
The guideline was tested in three different CO2 capture technology case studies (two with post combustion 
capture and one with oxyfuel capture). Feedback from these case studies provided information for updating the draft 
guideline into the present version. 
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